Summary &mdash; A physical map of mitochondrial DNA (mtDNA) of the honeybee (Apis mellifera L) has been established with 17 restriction enzymes (46 sites). Elements of the genic map have been inferred from sequence data. The superimposition of both maps indicate that the gene order is quite similar between honeybee and Drosophila. The total length of the mitochondrial genome falls between 16 500 and 17 000 bp. This range is due to several regions exhibiting length polymorphisms. Two of them overlap with the control region, but a third one is unexpectedly located between the CO-I and CO-II genes. This last polymorphism is explained by the occurrence of variable numbers of 2 related sequences, called P and Q, which arose through tandem duplication. Sequence data from 3 regions of the mtDNA genome can be used to infer a phylogenetic tree for 4 Apis species: the resulting tree topology, (florea(dorsata(cerana,mellifera))), confirms the phylogeny based on morphometry and behavior.
INTRODUCTION
Mitochondrial DNA (mtDNA) of animals is a duplex, small, circular, covalently closed molecule. Its gene content is remarkably conserved across taxa (Moritz et al, 1987) and comprises 2 ribosomal RNA genes (rRNA, large and small subunits), 22 transfer RNA genes (tRNA) (Attardi, 1985) . Molecules contain a single non-coding region (D-loop in vertebrates, A+T-rich region in Drosophila), also called the control region, in which replication and transcription are initiated.
This high gene conservation combined with the relatively small variation of the non-coding region means that most mitochondrial genomes comprise between 15 000 and 20 000 nucleotides (Brown, 1983) . The order in which genes are arranged along the molecule is generally rather conserved within phyla, but some rearrangements occur between phyla.
The particular interest of mtDNA in phylogenetic studies is mainly due to 2 features. The first is the apparent lack of recombination. Therefore, genetic markers are completely linked and substitutions are serially accumulated on the molecule (Harrison, 1989 ). The second is its maternal transmission (at least in animals). Because of these characteristics, the evolution of mtDNA is clonal, even in sexual species, and the relationship between maternal lineages is perfectly depicted by the phylogenetic tree of the mtDNA molecules.
MtDNA has become an important marker in evolutionary studies of natural populations (Avise et al, 1987) . It has proved to be particularly useful for Apis mellifera, a species in which few nuclear markers are available (Sheppard and Huettel, 1988) . Furthermore, the biology of this species makes it especially suited since all the colony members share the same mtDNA (mtDNA is a colony level marker), and colonization of new territories is performed by swarms, ie, females.
Given its sequestration in mitochondria and its physical properties, mtDNA offers several possibilities for purification (reviewed in Solignac, 1991) . MtDNA can be separated from nuclear DNA on ethidium bromide-CsCl gradients (Lansman et al, 1981 PCR-amplified DNA can be used for direct analysis (length variation), restriction (Hall and Smith, 1991) or sequence Garnery et al, 1991) (Crozier and Crozier, in press), part of the CO-III gene (Koulianos and Crozier, 1991) .
Restriction maps of honeybee mtDNA have been independently elaborated by Smith (1988) , Crozier et al (1989) and Cornuet (1989 (Clary and Wolstenholme, 1985) (fig 1) . A similar conclusion has been obtained through Southern blotting (Garnery, unpublished data Another feature for which honeybee mtDNA is like that of Drosophila is in the high proportion of A+T. In the genes so far sequenced, the A+T content is even higher than in Drosophila: 76% compared to 68% and 80% compared to 75%, in CO-I and CO-II respectively (Crozier et al, 1989 (Crozier et al, 1989) Smith and Brown (1990) propose that a variable number of tandem repeats 80-100 bp in length may have caused the size variation.
The size variation located between BclI f and BclI g is the largest and best characterized (Wu and Kuang, 1987) and A koschevnikovi Tingek et al, 1988) . A comprehensive review, based on morphology and behavior, has been given by Alexander (1991 Moritz, 1990) . Recently, nucleotide sequence data of mtDNA have been used to produce phylogenetic trees of the 4 "old" Apis species : cerana, dorsata, florea and mellifera . The analysis was based upon the sequence of 269 nucleotides located at the 5' end of the CO-II gene. In the consensus tree, it was found that A mellifera and A cerana separated after the divergence of A florea and A dorsata, but the (cerana-mellifera)-dorsataflorea trifurcation remained unsolved.
In order to solve this polytomy, we have extended the sequences from the 4 species, and that of Bombus lucorum, taken as outgroup: to the 269 previously reported nucleotides, we have added 187 nucleotides in the 3' end of CO-I and 185 nucleotides in the large rRNA subunit (fig 3) . This provides a total of 641 sites of which 61 are informative. Two methods of tree reconstruction, Parsimony (PAUP v3.0) and Neighbor-Joining (Saitou and Nei, 1987) (Alexander, 1991) (DeSalle et al, 1987; Monnerot et al, 1990 ), a value comparable to that observed in mammalian species (Brown et al, 1982 (Moritz et al, 1986; Smith, 1988; Brown, 1988, 1990; Cornuet, 1989; Hall and Smith, 1991) and sequencing (Smith and Brown, 1990 . Spain appears as a hybrid zone between the subspecies mellifera and intermissa, the latter unambiguously exhibiting the African mitochondrial type. Both mitochondrial types coexist, but the mellifera type is dominant in the northern half of the Iberian peninsula whereas the African type is dominant in the south. The north to south clines found for morphometrical (Cornuet and Fresnaye, 1989) as well as allozymic characters (Cornuet, 1982) , which were formerly considered as arguments in favor of Ruttner's view, can be alternatively interpreted as the result of a hybridization process between evolutionary branches. Actually, a secondary contact between 2 distant branches (M and C) was the explanation given for the pattern of allozymic variability found in the Ligurian coast (Cornuet, 1983) or in the Aosta valley (Badino et al, 1982) . The only difference is the geographic extension of the hybrid zone which is much larger in Spain than in Italy. This difference can be explained by the lack of natural obstacles in Spain and also perhaps by beekeepers' influence.
Another discrepancy relates to an additional branch, later proposed by Ruttner (1988 
